Background {#Sec1}
==========

Pulmonary fibrosis (PF) is defined as a progressive lung injury disease with unknown pathogeny, which is characterized by aberrant proliferation of fibroblasts, damage of alveolar epithelial cell, and excessive collagen accumulation \[[@CR1], [@CR2]\]. The 4-year risk of death with PF is almost 41.0% \[[@CR3]\]. New drugs including pirfenidone, nintedanib are not potential in alleviating PF. The prognosis of PF is overall poor, with the mortality rate ranged from 30 to 40% \[[@CR4]\]. Thus, it is urgently needed to identify new potential therapeutic agents for PF patients.

The common feature of PF includes massive matrix extracellular deposition and excessive collagen accumulation \[[@CR5]\]. The transforming growth factor (TGF)-β1 was recognized as the most important cytokine for fibrosis and was demonstrated to be a master inducer of epithelial-to-mesenchymal transition (EMT) in normal alveolar epithelial cells (AECs) \[[@CR6], [@CR7]\]. In addition to direct production of myofibroblasts, EMT can also indirectly create a profibrotic microenvironment by releasing cytokines \[[@CR8]\]. As a result, the epithelial cell phenotype such as E-cadherin was lost and transformed into a mesenchymal cell phenotype such as Vimentin \[[@CR9]\]. This stimulates alveolar EMT in AECs and trans-differentiation of resting fibroblasts to myofibroblasts, which leads to excessive production of fibrous collagen \[[@CR10]\].

Previous investigations have demonstrated that the activation of PI3K/Akt signaling pathway induced by TGF-β1 is a key step in the development of PF, resulting in EMT, fibroblast proliferation and collagen accumulation \[[@CR11], [@CR12]\], whereas blocking PI3K/Akt signaling pathway ameliorates PF in animal models \[[@CR13]\], indicating that pharmacological inhibition of PI3K/Akt signaling pathway might be a potential treatment of PF.

Bu-yang Huan-wu Tang (BYHWT) was originally described in the traditional Chinese medicine literature of Yi-Lin-Gai-Guo written by Qing-Ren Wang in 1830 during the Qing Dynasty. Based on Chinese medicine theory, BYHWT can enhance blood circulation and activate energy (qi) flow through energy meridians. Thus far, BYHWT has been prescribed for PF patients in China with promising outcome \[[@CR14], [@CR15]\]. However, the underlying mechanism remains unknown. Due to the vital importance of TGF-β1 mediated activation of PI3K/Akt pathway in the development PF, we preformed these experiments to elucidate the mechanism for the anti-PF effect of BYHWT.

Methods {#Sec2}
=======

Reagents {#Sec3}
--------

Transforming growth factor beta1 (TGF-β1, Cat:AF-100-21C) and Insulin-like growth factor-1(IGF-1, Cat:100--11-100) were purchased from PeproTech. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, Cat:A21051) was purchased from Beyotime Biotechnology (ShangHai, China). SC79 (Cat: S7863), MK2206 (Cat: S1078), and LY294002 (Cat: S1105) were purchased from Selleck (ShangHai, China).

Preparation of Buyang Huanwu Tang (BYHWT) {#Sec4}
-----------------------------------------

The constituents of BYHWT used as follows: Astragalus membranaceus (60 g), Radix Paeoniae Rubra (18 g), Rhizoma Ligustici Wallichii (9 g), Angelica sinensis (18 g), Pheretima aspergillum (9 g), Amygdalus persica (9 g), and *Carthamus tinctorius* (9 g). All the components were purchased from Changhai Hospital of Shanghai. In preparing BYHWT, the mixture of the components was soaked in distilled water for 30 min and then boiled in 8 volumes of water (v/w) for 1 h and extracted twice. This preparation method was the same to clinical preparation. The extract was centrifuged at 6000×g for 20 min and then the supernatant solution was condensed to concentration of 1 g/ml by water bath. The concentration of BYHWT was expressed in total dry weight of the crude herbs per milliliter in decoction. BYHWT was stored in − 20 °C.

Cell culture and treatment {#Sec5}
--------------------------

Human normal alveolar epithelial A549 (Cat:SCSP-503) cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China), and cultured in Dulbecco's Modified Eagle's Medium (DMEM) (HyClone, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, USA) and a 1% antibiotic solution (100 U/ml penicillin and 0.1 mg/ml streptomycin) at 37 °C with 5% CO2. After 24 h of serum starvation, 10 ng/ml TGF-β1 was supplemented to induce lung fibroblast activation and EMT.

MTT assay for cell viability {#Sec6}
----------------------------

Cells were seeded in 96-well plates with a density of 5000 cells/well. After 24 h of serum starvation, 10 ng/ml TGF-β1 with or without various concentrations of BYHWT (0.1, 0.5, 1, 5, 10, 50, 100 mg/ml) were administrated to cells for 24 h, 48 h, and 72 h, respectively. Then, cell medium was discarded and each well was added with 100 μl of DMEM medium containing 10% MTT (5 mg/ml). Four hours later, each well was added with 100 μl dissolved solution (10% SDS, 5% isobutanol, 0.012 mol/L HCL). After being incubated overnight, the absorbance at a wavelength of 570 nm was measured using a multiskan spectrum microplate reader. The cell viability was calculated by the following formula: cell viability = (A of the control group-A of the experimental group) / (A of the control group-A of the blank group) × 100%. All the experiments were repeated at least three times.

Western blot {#Sec7}
------------

Cells were seeded in 6-well plates, followed by the administration of TGF-β1 or PI3K/Akt pathway activators and inhibitors with or without BYHWT for the indicated time. Cells was washed by Phosphate Buffered Saline (PBS, Hyclone), and then the whole cell proteins were extracted by the cell-lysis mixture including RIPA (Beyotime), PMSF (Beyotime) and protease inhibitors cocktail (Roche). The extracted proteins were quantified by BCA protein assay kit (Pierce, Thermo Scientific) and then loaded for 10% SDS-PAGE gel electrophoresis, transferred to PVDF membranes (Millipore), and blocked in 5% milk. Next, the membranes were incubated with the primary antibodies overnight at 4 °C and subsequently the HRP-conjugated secondary antibodies (CST, 7076; CST 7074) for 2 h at room temperature. Human β-actin (CST, 3700) was used as a loading control. Primary antibodies were used as follows: E-cadherin (CST, 3195), Vimentin (CST, 5741), Col-I (Santa Cruz, sc-293,182), PI3K (CST, 4257), phosphorylated PI3K (CST, 4228), AKT (CST, 4691) and phosphorylated AKT (CST, 4058). Membranes were washed and visualized using enhanced chemiluminescence kit (Pierce, Thermo) and Gel Imaging System (Syngene).

Immunofluorescence staining {#Sec8}
---------------------------

For immunofluorescence, cells were washed with PBS and fixed in methanol for 20 min at 37 °C. Then cells were blocked by 5% BSA (bovine serum albumin) for 1 h at 37 °C. Next, cells were incubated with primary antibodies (E-cadherin, Vimentin, and Col-I) diluted in 5% BSA (1:200) at 4 °C overnight. Then, cells were washed thrice with PBS and incubated with FITC or PE-conjugated secondary antibodies for 1 h at 37 °C. Cells were incubated with 4′, 6-diamidino-2-phenylindole (DAPI) for 20 min at room temperature, followed by the observation by a fluorescence microscope.

RNA extraction and quantitative real-time PCR (RT-qPCR) {#Sec9}
-------------------------------------------------------

Total RNA was isolated from A549 cells with Trizol Reagent (Invitrogen), followed by quantification with the Nanodrop Spectrophotometer (Thermo Scientific). RNA samples were performed for first-strand cDNA synthesis by Primescript RT Master Mix (Takara) under thermocycler (Applied Biosystems). The cDNA level was measured by Real-time qPCR (Applied Biosystems) that was run with SYBR-Green master mix (TOYOBO). Each sample was examined in triplicate and the mean values were used for calculation. Specificity of the amplified PCR products was determined by melting curve analysis. The following primers for the amplification of the genes were used: 5′-TAGGGTCTAGACATGTTCAGCTTTGT-3′ (ColI forward), and 5′-GTGATTGGTGGGATGTCTTCGT-3′ (ColI reverse); 5′-AGAGGAAGCCGAAAACACCC-3′ (Vimentin forward), and 5′-GGCTTGGAAACATCCACATCG-3′ (Vimentin reverse); 5′-ATGCTGATGCCCCCAATACC-3′ (E-cadherin forward), and 5′-TACTGCTGCTTGGCCTCAAA-3′ (E-cadherin reverse) ; 5′-CGAGGCCCAGAGCAAGAG-3′ (β-actin forward), and 5′-CCACACGCAGCTCATTGTA-3′ (β-actin reverse). Relative gene expression levels were calculated using the formula 2^−ΔΔCT^.

Statistical analysis {#Sec10}
--------------------

All data was presented as mean ± standard error from three separate experiments performed. Statistical analysis was performed using SPSS 20.0 software (SPSS, Chicago, IL). One-way analysis of variance was used to compare the difference between groups. Differences were considered significant if *P* \< 0.05.

Results {#Sec11}
=======

Inhibitory activity of BYWHT in TGF-β1 stimulated A549 cells {#Sec12}
------------------------------------------------------------

To elucidate the mechanism for BYHWT in the treatment of PF, we utilized a common in vitro PF model, TGF-β1 induced A549 cells. Cell viability assay was first performed. A549 cells were treated with 10 ng/ml TGF-β1 with or without different concentrations of BYHWT for 24 h, 48 h and 72 h, respectively. As illustrated in Fig. [1](#Fig1){ref-type="fig"}, BYHWT can significantly inhibit the cell growth of TGF-β1 stimulated A549 cells. Fig. 1Inhibitory activity of BYHWT on the A549 cells by the MTT assay. A549 cells were incubated with TGF-β1 (10 ng/ml) with or without indicated concentrations of BYHWT for 24 h, 48 h and 72 h, respectively. Data are presented as mean ± SD, *n* = 5. \**P*\<0.05, \*\*P\<0.01, VS. control; △*P*\<0.05, △△*P*\<0.01,VS. TGF-β1

BYHWT suppressed TGF-β1-induced EMT and collagen I in pulmonary fibrosis in A549 cells {#Sec13}
--------------------------------------------------------------------------------------

TGF-β1 mediated EMT and collagen accumulation plays an important role in the development of PF. To identify whether BYHWT can inhibit this process, we did a series of experiments. As presented in Fig. [2](#Fig2){ref-type="fig"}, following TGF-β1 treatment, A549 cells exhibited a spindle-like shape with mesenchymal morphology and were more isolated from each other. Interestingly, this change in morphology was reversed by co-treatment with BYHWT and TGF-β1. Fig. 2Effect of BYHWT on cell morphology in TGF-β1 treated A549 cells. A549 cells were incubated with TGF-β1 (10 ng/ml) with or without indicated concentrations of BYHWT for 24 h, followed by observation by a inverted phase contrast microscope (× 200 fold)

Next, we went on to characterize the expression of EMT-related markers. As expected, in TGF-β1 treated A549 cells, the mesenchymal marker Vimentin was increased, while the epithelial marker E-cadherin was reduced, at both protein (Fig. [3](#Fig3){ref-type="fig"}a) and mRNA (Fig. [3](#Fig3){ref-type="fig"}b,c,d) levels. As expected, BYHWT remarkably elevated E-cadherin and inhibited Vimentin in a dose-dependent manner. Moreover, the elevated protein and mRNA levels of ColI induced by TGF-β1 were significantly decreased by the administration of BYHWT. Consistent with the findings of Western Blot, our immunofluorescence staining results also demonstrated the effect of BYHWT in attenuating EMT and Col I accumulation (Fig. [4](#Fig4){ref-type="fig"}). Fig. 3Inhibition of TGF-β-induced EMT and colleage accmulation by BYHWT in A549 cells. (**a**-**d**) A549 cells were incubated with TGF-β1 (10 ng/ml) in the absence or presence of indicated concentrations of BYHWT. Twenty-four hours later, the changes of mRNA of EMT markers (E-cadherin, Vimentin) and Col I were analyzed by RT-qPCR, while 72 h later, the changes of mRNA of EMT markers (E-cadherin, Vimentin) and Col I were analyzed by western blot. Data are presented as mean ± SD, *n* = 3. \**P*\<0.05, VS. control; △*P*\<0.05,VS. TGF-β1 Fig. 4Effect of BYHWT on TGF-β induced EMT and colleage accmulation in A549 cells by immunofluorescence. A549 cells were incubated with TGF-β1 (10 ng/ml) in the absence or presence of BYHWT (10 mg/ml BYHWT) for 72 h. The nucleus were stained with DAPI and images were visualized by immunofluorescence microscopy (× 200 fold)

BYHWT inhibited PI3K/Akt signaling pathway {#Sec14}
------------------------------------------

To determine the mechanism how BYHWT inhibited EMT and Col I deposition, we examined the effect of BYHWT on PI3K/Akt signaling pathway, which has been demonstrated to play a major role in TGF-β-induced EMT. As illustrated in Fig. [5](#Fig5){ref-type="fig"}, p-PI3K and p-Akt in TGF-β1 treated cells were significantly higher than that in the control group, and BYHWT significantly inhibited the activation of p-PI3K and p-Akt in a dose-dependent manner. Fig. 5Inhibition of TGF-β-induced EMT by BYHWT was associated with the suppression of the PI3K/Akt pathway. A549 cells were incubated with TGF-β1 (10 ng/ml) in the absence or presence of BYHWT (1, 5 and 10 mg/ml) for 1 h. Cell lysates were collected and PI3K, p-PI3K, Akt and p-Akt were analyzed by western blot

With the utilization of PI3K/Akt pathway activators (IGF-I, SC79) and inhibitors (MK2206, LY294002), we further identified the exact targets of BYHWT on PI3K/Akt pathway. As shown in Fig. [6](#Fig6){ref-type="fig"}, SC79 significantly activated p-Akt, whereas the elevated level of p-Akt was sharply reduced by the co-administration of BYHWT. MK2206 inhibited the activation of p-Akt, and the co-treatment of BYHWT did not increase p-Akt. Furthermore, western blot analysis (Fig. [7](#Fig7){ref-type="fig"}) showed that p-PI3K and the down-streaming p-Akt were activated by IGF-I. After treatment by BYHWT, the level of p-PI3K and p-Akt protein were significantly lower than that in the IGF-1 group cells. In addition, p-PI3K and p-Akt was decreased by LY294002, but the co-treatment of BYHWT resulted in a further decrease. Fig. 6Effect of BYHWT on Akt activation in SC79-treated A549 cells. A549 cells were treated with SC79 (20 μM) or MK2206 (10 μM), with or without the administration of 10 mg/ml BYHWT for 1 h. Cell lysates were collected and followed by analysis of PI3K, Akt and p-Akt by western blot Fig. 7Effect of BYHWT on PI3K activation in IGF-I-treated A549 cells. A549 cells were treated with IGF-I (100 μg/ml) or LY294002 (10 μM), with or without the administration of 10 mg/ml BYHWT for 1 h. Cell lysates were collected and followed by analysis of PI3K, p-PI3K, Akt and p-Akt by western blot

Discussion {#Sec15}
==========

PF is a severe inflammatory interstitial lung disease with poor prognosis, high mortality, and increasing incidence and prevalence \[[@CR16]\]. However, the treatments of PF still remain not promising. In addition to lung transplantation, the progression and outcome of PF cannot be potently prevented by other special treatments \[[@CR17]\]. Exploring novel agents to cure PF is still highly desired.

With the deep understanding of the pathogenesis of PF by traditional Chinese medicine theory, Chinese medicine has a prospect for the treatment of pulmonary fibrosis \[[@CR18]\]. BYHWT, as a classical traditional Chinese medicine formula, was widely used for supplementing qi and activating blood circulation. It has shown that BYHWT can alleviate angiogenesis of rats by inhibiting the expression of VEGF, which is a key growth factor for pulmonary fibrosis \[[@CR19], [@CR20]\]. Moreover, a recent study showed that BYHWT can effectively reduce colI accumulation, alleviate inflammation of lung tissue and reduce serum hydroxyproline in bleomycin-induced PF rats, and this effect may be related to the down-regulation of Akt \[[@CR21]\].

Human alveolar epithelial A549 cells stimulated by TGF-β1 has been frequently utilized as in vitro model of PF \[[@CR22]\]. The results of cell morphology, western blot analysis, RT-qPCR and immunofluorescence indicated that PF cell model were successfully established in TGF-β1 induced of A549 cells. Based on the MTT assay results for cytotoxic effects of the co-treatment of TGF-β1 and BYHWT, A549 cells were treated with BYHWT at concentrations of 1, 5, and 10 mg/ml with the co-administration of TGF-β1. Results showed that BYHWT can lessen the mesenchymal morphology of A549 cells. Moreover, according to the results of RT-qPCR, western blotting and immunofluorescence staining, the addition of BYHWT significantly increased E-cadherin, as well as reduced Col I and Vimentin. EMT and collagen accumulation is activated by TGF-β1, characterized by the loss of epithelial characteristics (E-cadherin), the acquisition of a mesenchymal phenotype (Vimentin) and the increase of Col I \[[@CR9]\]. Therefore, our results indicated that BYHWT can suppress TGF-β1 mediated EMT and TGF-β1 induced collagen deposition in PF.

In recent years, it has been demonstrated that activation of PI3K/Akt signaling pathway plays a key role in the development and progression of PF, which could promote fibroblasts proliferation and inhibit fibroblasts apoptosis \[[@CR23]\]. Next, we set out to identify whether PI3K/Akt pathway is involved in inhibiting EMT and Col I accumulation by BYHWT. Results demonstrated that BYHWT remarkably suppressed p-PI3K and p-Akt, which was activated by TGF-β1, strongly indicating that the effect of inhibiting EMT and Col I accumulation in TGF-β1 induced A549 cells by BYHWT may related to the inhibition of PI3K/Akt signaling pathway.

Activation of p-Akt has been associated with Col I expression and EMT progress in alveolar epithelial cells \[[@CR24]\]. Therefore, we studied the effect of BYHWT on the activation of p-Akt. SC79, a specific Akt activator and MK2206, a specific Akt inhibitor, were used to further identify the effect of BYHWT on Akt activation in PI3K/Akt signaling pathway \[[@CR25], [@CR26]\]. Results showed that the elevated level of p-Akt induced by SC79, was down-regulated by BYHWT, and p-Akt was remarkably suppressed by the co-treatment of BYHWT and MK2206, indicating that BYHWT can directly inhibit the activation of Akt.

PI3K is a kinase upstream of Akt, which regulates down-streaming effects of EMT progress by affecting p-Akt \[[@CR27]\]. Additionally, Akt is an effector kinase downstream from PI3K \[[@CR28]\], whether BYHWT blocks the PI3K/Akt signaling pathway through acting on the target of PI3K remains unclear and requires further investigation. Therefore, we used a specific PI3K activator, IGF-1 and a PI3K inhibitor, LY294002, to further identify whether BYHWT can act on PI3K \[[@CR29]\]. Results showed that PI3K and Akt were strongly phosphorylated by IGF-1, while BYHWT inhibited the activation of those proteins. Moreover, p-Akt and p-PI3K were significantly inhibited by the co-treatment of BYHWT and LY294002, demonstrating that BYHWT can also directly suppress the activation of PI3K.

In conclusion, we found that a classical Chinese medicine formula BYHWT can inhibit TGF-β1 induced EMT and collagen accumulation in a in vitro model of PF via suppressing PI3K/Akt signaling pathway. Moreover, BYHWT can not only inhibit the activation of PI3K, resulting in the down-regulation of the down streaming Akt, but also inhibit the activation of Akt directly. Thus, BYHWT could be considered as a potential therapeutic strategy for the treatment of PF.

Conclusions {#Sec16}
===========

BYHWT has been frequently used in the treatment of PF in China, however the mechanism remains largely unknown. With the utilization of in vitro model of PF, we found BYHWT can inhibit TGF-β1 induced EMT and collagen accumulation through suppressing PI3K/Akt signaling pathway. BYHWT can be adopted in clinical settings as a part of alternative medicine for PF patients and more extensive investigation of their mechanisms and evidence-based knowledge is still required.
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